The present study investigates the physico-chemical qualities and fecal contamination of ground water; and related health risks of rural areas of trans-Ganga and Yamuna region of a North-Indian district, Allahabad, India. The pH, turbidity, TDS, BOD, and COD, total alkalinity, total hardness, chloride and fecal coliform contamination was estimated in 269 water samples of 14 villages. Higher levels of turbidity, alkalinity, chloride and fecal contamination in ground water of trans-Yamuna area were found as compared to trans-Ganga. About 75% samples of trans-Yamuna were contaminated with faecal coliform as compared to trans-Ganga region (55%).Significant positive correlation existed between chloride, TDS, alkalinity (r=0. 74-0.91; p < 0.05), hardness and pH (r = 0.75-0.85; p < 0.05). The Relative Risk (RR) of some waterborne diseases was very high (2.11-8.00) in trans-Yamuna as compared to trans-Ganga region (1.81-3.48). Furthermore, the new treatment requirement parameter (NNT) for waterborne diseases of these rural areas was also estimated, which suggests that the need of a new and improved treatment approach for these diseases is more frequent in the trans-Yamuna area as compared to trans-Ganga. Our results suggest urgent attention and intervention for improving the quality of potable water in these rural areas and to control the waterborne diseases associated to rural health risks.
considered safe for drinking purposes in comparison to other sources of water as contaminated water coming as run off can directly get mixed with the surface water and may pollute it however the same water cannot directly pollute the below ground water as soil in many profiles act as the filter and many unwanted contaminant get fixed in soil only [4, 5] . However, the anthropogenic activities such as extensive use of fertilizers, pesticides, insecticides, and industrial waste and other activities, may directly or indirectly affect the quality of ground water, since these contaminants may ultimately find way to the ground water during and after the monsoon season through open wells and creeks of the rock and through other hydro-geological processes [6, 7, 8] . For example, a well is located near land that is used for farming where certain kinds of chemicals are applied to crops or near a gas station and leakage form storage tank and septic tanks and/or waste-disposal sites also can contaminate groundwater. The quality of the groundwater can be determined only after analyzing its physico-chemical characteristics [9, 10] . Although rural areas are regarded as less polluted however, anthropogenic activities and unhygienic waste disposal systems of rural areas are contaminating drinking water systems at this time [11, 12] .
Introduction
Water is of great importance in the maintenance of health of plants, animals and human beings [1] . Due to burden of population and its wasteful activities; tremendous pressure is being exerted on the quantity and quality of this scanty resource. Various domestic as well as industrial activities are contaminating not only the soils and surface water but also underground water sources over the globe [2, 3] . The ground water is normally
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and inadequate on-site human waste disposal systems is one of the major concerns in many rural areas [18] . The distinct morphological, physical and biological characteristics set them apart from other contaminants that are transported in surface and subsurface water environments [19] . This kind of contamination is dispersed sporadically and is influenced by a range of interacting environmental factors, hence assessing a point or non-point source of this is a big problem which hinders its proper eradication [18] . Therefore, it becomes very much important to detect faecal contamination in groundwater and associated health affects, because most of the rural areas don't have basic water treatment facilities [20] . Failure to provide adequate protection, effective treatment and disinfection of drinking water in such rural areas will expose the rural communities to the risk of outbreaks of intestinal and other infectious diseases [18, 20] .
The Gangetic plains of North India are one of the most fertile zones of the world, hence human habitation and related activities are increasing day by day and the increasing population is degrading the environment [21] . Many anthropogenic activities along the course of river Ganges and Yamuna are directly and indirectly polluting the surface as well as ground waters [16, 22] . As these rural areas have unmanaged sanitation and drinking water supply system the people are always on the verge of infections arising out due to consumption of contaminated water [16] . The present study was undertaken to compare the water quality of the underground water of two distinct rural areas (one each from Trans Ganga-Yamuna Rivers) of Allahabad district of the Northern India (Figure 1 ). The study aims to assess the quality and its degradation in underground water of some rural areas of this region and its relative risks in terms of health in human populations exposed to such water qualities. The findings serve as baseline data for these areas and can be used for future scientific research as well as water management measures to enhance the quality of these water sources and related health issues.
Materials and Method
Study areas
The study was conducted in the Allahabad district of Uttar Pradesh, India in two blocks namely Shankargarh and Phulpur (Figure 1 ). The Shankargarh block is situated Trans to Yamuna river and Phulpur is situated Trans to Ganga River. Ganga and Yamuna are the two main rivers that along with a number of tributaries transport a large amount of silt, clay and sand in the basin which are directly deposited at the time of flood. The flood plain deposits are developed at the constructive side of river channels. The rivers are good zones for groundwater recharge. The Ganga and the Yamuna rivers change their courses over a period of time, hence palaeo-channels are formed which are good source of underground water [16] . The river channels are also responsible to bring-up a high amount of diffuse pollutants from upstream areas [23] . The Shankargarh block is situated 45 km southwest of Allahabad city. Geologically, this area comprises of Upper Vindhayan formations consisting of mainly sandstone and shale. The area shows a nearly flat to a gently undulated topography with small hillocks and rolling topography and soils are formed by disintegration and weathering [24] . The Phulpur block is situated 25 km north to Allahabad city. This area comprises of very fertile alluvial soil. Geological status and vegetation of both the areas are distinct from each other; Shankargarh has rocky terrain and less vegetation, whereas Phulpur has good grassland vegetation and agricultural fields (Figure 1 ) [24] . Therefore, the anthropogenic practices also vary with geographical dissimilarities in these two selected areas.
Collection of water samples and analysis
In order to better understand the physico-chemical and microbial contamination in these two areas water sampling was conducted in a cluster of villages. Eight (8) villages from the Shankargarh area and six (6) villages from Phulpur area (in 27 villages of the sampling block) were selected randomly for the collection of water samples and health study (Table 1) . Almost all possible sources of groundwater used for drinking purposes (hand pump sources) in the selected villages were sampled, thus a total of 269 samples were collected from both the areas (Table  1 ). The samples were collected in triplicate and in adequate amount in pre washed sample containers, packed carefully and transported immediately to the lab for further tests. The pH and Total Dissolved Solids (TDS) were measured immediately with the help of field kit (HANNA-HI98129), while Turbidity, Alkalinity, Hardness, Chloride, Biochemical Oxygen Demand (BOD), and Chemical Oxygen Demand (COD) were estimated in water samples as per standard procedures prescribed by APHA [25] . Faecal coliform concentration was calculated following the Membrane Filtration Method of USEPA (No. 8074) [26] .
Health survey
Secondary information for some waterborne diseases was obtained from the government's primary health care facility (Primary Healthcare Center known as PHC) of both the areas. In these areas these PHCs are the only health care centers which provide medical facilities to the nearby rural people and due to this fact the secondary data were taken from these centers as representative information of health status of these areas. For primary data collection, a health survey was conducted in the local residents of each selected village. In this survey, 100 respondents from Shankargarh and 80 from Phulpur areas were randomly selected, and individuals reliant on selected water sources for sampling and suffering from any waterborne disease were taken into account during study period. In contrast, 50 respondents were also selected in the urban areas of these blocks having safe access to water and were treated as control subjects.
Statistical analysis
Mean and Standard Error of Mean were calculated for each water quality parameter. Independent student's t-test was used to understand the significance of the difference among the concentrations of water quality parameters at different sampling locations. Pearson's correlation coefficient (r) was used to understand the relationship between various water quality parameters at each sampling area. The level of significance was set at p < 0.05. The Relative Risk (RR), its standard error and 95% confidence interval were calculated according to Altman [27] .The relative risk or risk ratio was calculated by following formula:
Where, RR is relative risk, a and b are the number with positive (bad) outcome and negative (good) outcome respectively in the populations exposed to contaminated water while c and d are the number with positive (bad) and negative (good) outcomes in control populations. Z-stat and the number needed to treat (NNT) which is the estimated number of patients who need to be treated with the new treatment rather than the standard treatment (or no treatment) for one additional patient to benefit was also calculated following Altman [28] . Origin-8pro and Sigmaplot-10 software packages were used for statistical analysis and preparation of graphical representations.
Results
Groundwater quality of trans-Yamuna area (Shankargarh)
The range, mean, and 25-75 percentile of the water quality of ground water samples of Shankargarh area are given in [Figure 2A] . The pH ranged from 7.17 ± 0.22 to 7.57 ± 0.25 with the maximum being in Pavari village. TDS ranged from279.33 ± 9.45 to 509.29 ± 15.2 mg L -1 and it was maximum in Gurme Bara village, whereas turbidity was maximum in Hanuman Nagar which ranged from 1.57 ± 0.05 to 22.66 ± 0.7mg L ) range was not higher as compared to other parameters and according to Bureau of Indian Standards (BIS, 1991) [29] . Both of these indices were higher in Lohgara village. Bicarbonate and Hardness ranged from 148.06 ± 5.56 to 710.46 ± 21.2 mg L -1 and 209.39 ± 6.5 to 909.49 ± 26.89 mg L -1 respectively, and both were found maximum in Gurme Bara. The Chloride content was recorded maximum in Bara tehseel. According to BIS: 1991 standards [29] laid down in India for potable water, pH was in normal range however TDS values were greater in one village and three other were close to this. Notably, water samples of 6 (75%) out of 8 villages were highly turbid according to these standards. The BOD and COD of water samples of all villages were normal. Water samples of 7 villages showed high alkalinity above than normal while hardness was in normal range except of three villages (Bara tehsil, Chandra and Gurme Bara). Chloride content was high above than normal in 6 villages of this area.
In this area, about 75% underground water samples demonstrated the presence of faecal coliform ( Figure 3A ) and 100% water samples of Nibi village were found positive for coliform infection.
Groundwater quality of Phulpur block
The range, mean, and 25 -75 percentile of the water quality of ground water samples of Phulpur area are given in [ Figure 2B ]. In this area, pH ranged from 7.26 ± 0.21 to 7.76 ± 0.23 while TDS ranged from 284.14 ± 9.2 to 590.00 ± 18.6 mg L , and these were found maximum in Jafarpur and Munshikhurd villages respectively. Bicarbonate alkalinity was highest in Gram Aata and ranged from 353. 45 [29] standards laid down in India for potable water, pH was within the range, whereas TDS value was above the BIS standard in two villages only, out of six villages selected. 50% village water samples were turbid (above than normal) according to these standards. The BOD and COD were within the range. It was interesting to note that the ground water samples of all villages (100%) showed high alkalinity above the permissible limit while hardness was in normal range in all sampling locations. Chloride content was also in normal range in all sampling locations in this area. In this region, approximately 55% ground water samples were found to be positive for faecal coliform test (Figure 3B) , and the maximum fecal contamination in samples was found in Aata village (62%). 
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Pearson's correlation coefficient (r) between water quality variable was calculated in each sampling area (Table 2 and 3) . In Shankargarh area (Table 2) 
Health effects of the degraded water qualities
Secondary information sources revealed that waterborne diseases in the Shankargarh area were more prevalent as compared to Phulpur area (Table 4) . Monthly average cases of diarrhoea, dysentery, jaundice, and other Gastroenteritis (GI) disorders (abdominal pain, colitis, liver inflammations and vomiting etc) were higher in Shankargarh area as compared to Phulpur region. There was around 27% fewer occurrences of diseases reported in Phulpur as compared to Shankargarh. This indicates that the waterborne diseases were more prevalent in Shankargarh area (trans-Yamuna). As secondary health findings cannot be directly related to the water sources sampled on an individual, primary survey on health status were obtained by a questionnaire survey.
Relative risks were calculated to understand the risks arising out of the particular waterborne disease (Table 5) . RR was in the order to 8.00 > 4.57 > 3.11 > 2.11 in Shankargarh, and it was found in order of 3.48 > 2.45 > 1.92 > 1.81 in Phulpur for jaundice, dysentery, diarrhoea and other GI disorders respectively. In both areas, RR was higher for Jaundice despite of its fewer occurrences. Although the RR was greater for the Jaundice in both the areas however NNT was more significant for the diarrhoea in both areas (2.43 and 5.5 in Shankargarh and Phulpur, respectively). This indicates that despite of the greater risk for Jaundice new treatment was needed after every 2-5 patients suffering from diarrhoea while it was 8-13 patients in Secondary data were collected from primary health care centers of the selected areas, primary data were Collected by field survey jaundice. Other GI disorders needed more rigorous (NNT-9.29) treatment in Phulpur compared to jaundice (NNT-13.67) though the RR was far greater for jaundice (3.48) than other GI disorders (1.81) ( Table 5) .
Discussion
The present study revealed that there was a mixed evidence of degradation in ground water quality in both the selected areas of trans-Ganga and Yamuna. In these areas, majority of villages have sources of contaminated water characterized by physico-chemical and/or biological contamination which leads to emergence of various ailments in rural population, specifically associated to metabolic disorders like gastroenteritis. The prevalence of waterborne diseases was higher in Shankargarh area in comparison to Phulpur area, and this could be due to
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the more contamination in ground water and its intake owing to the geography of the area (soil characteristic and vegetation), intense anthropogenic activities, poor awareness on use of safe drinking water and limited sources of potable water in the rural environs. The geographical state of Shankargarh region is hilly, hence soil characteristic is porous, therefore surface water runoff easily seeped into underground aquifers or paleochannels [30] . This thorough flow system of surface water is due to poor and scattered vegetation, because natural floral filtration membrane couldn't be formed easily in this region. In contrast, Phulpur section has a dense cover of vegetation, thus forming a natural sieve for water filtration before seepage or recharge into underground water. The plants diversity found in this area have ability to absorb the contamination intermingled with rain water and surface runoff. In Phulpur area, there are intense networks of palaeo-channels, and these were developed due to change of river course in the Gangetic basin [31, 32] ; and these channels are interlinked to each other [33] . Also, these paleo-channels are the main source of underground freshwater which is easily available for the rural and sub-urban population [31] . Therefore, natural water contamination like pH, TDS, alkalinity, hardness and chloride were found in limited number of water samples in this area. In Shankargarh area, palaeo-channels are almost absent, but underground fresh water is stored in small aquifers during monsoon season, and these aquifers are in direct contact to different kinds of rocks, releasing specific types of minerals which may cause natural contaminations like fluoride, iron, hardness, TDS, arsenic etc [34] . Since, Shankargarh area is a hilly terrain area, therefore underground rocks may be releasing their minerals in the aquifers, thus alkalinity, hardness and chloride were found in large number of water samples, above the BIS limit in this area (Figure 2A ). Some other water quality parameters were also higher in Shankargarh area than Phulpur (Figure 2A &  2B) indicating that the underground water of the trans-Yamuna region is more degraded as compared to the trans-Ganga region.
Almost all villages are facing some kind of problems in water quality in Shankargarh area in which increased turbidity and chloride content is of greater concern. However, very high hardness and alkalinity in some villages is also alarming. The significant associations of several water quality parameters with the TDS indicate that the dissolved matters were the most important contaminants for the ground water in the Shankargarh area than Phulpur (Figure 2 , Table 4 ). The turbidity was found alarmingly high in 22% samples of Shankargarh area. It may be due to microbial contamination as turbidity depends on the refractive index of the water samples which is a depiction of contamination of water in proportion to the suspended particles or even microorganisms [35] .The high turbidity may be attributed to larger particles such as organic matter and dissolved solids. Sometimes the excess of fertilizer use also increases the turbidity of ground water [36] . The high values in TDS and turbidity were obtained at sites close to the mining areas or disturbed or denuded vegetation patches. Excess of chloride salts in ground water of Shankargarh was found and which was correlated with TDS, alkalinity and Hardness. This suggests that the sources of chloride are coming from dissolved solids and they are also increasing the hardness and alkalinity. The cause of alkalinity is the minerals which dissolve in water from soil such as carbonate, bicarbonate, hydroxide, phosphate, borate and organic acids etc [17] . It is expected that these salts are causing more alkalinity in drinking water of this area are coming from some same kind of sources and getting mixed with runoff and reaching to the ground water through seepage and other such processes. The soil porosity and permeability also have a key role in increasing the chemical concentration in ground water [15] . COD determines the oxygen consuming potential of a water resource. The BIS has stipulated 8 mg L -1 standard for COD for safe drinking water [29] . All samples collected had less COD in both areas indicating less contamination of nitrogenous wastes in open wells that could lead to higher COD values. The water samples of Chandra, Bara Tehseel and Gurme Bara of trans-Yamuna region are having much hardness ( Figure  2A ). This may cause various heart ailments if are used for a long time as there are reports which relate the heart ailments with the long time consumption of hard water [37, 38] . The mining operation in these areas may be the significant cause of water hardness as well as the other water quality disturbances while any such mining activity is not prevailing in the Phulpur area. Other studies also report the effect of mining on ground water pollution and associated health impacts [7, 39, 40, 41] .
The waters of trans-Ganga (Phulpur) area were found almost safe as many parameters were well within the permissible limits of [29] . Except in few villages, the turbidity and TDS was in normal limits in this area ( Figure 2B ) .There are reports on degrading ground water quality from other north Indian states The number of respondents (exposed) in Shankargarh (n=100) and Phulpur (n=80) area respectively, and respondents (n=50) of urban (unexposed) area.
as well which support the findings of this study [4, 6, 12, 35, 42] . However, these kinds of report from the study area are sporadic and most of them only concentrated on the assessment of water qualities only without taking note of associated health effects [16] .
The disease occurrence reported in this area corresponds to the degraded quality of the water samples tested (Table 4 and 5) . It is quite clear that the Shankrgarh area has more degradation in water quality (Figure 2A ) as compared to Phulpur ( Figure 2B ) and in concurrence with that more disease were reported in the Shankargarh area which are waterborne diseases. There are many studies depicting the relation between ground water quality and the disease occurrence however, these are sporadic from the study area [14, 15, 30, 43] . Further, increased contamination of fecal coliform in water samples in Shankargarh as comperd to Phulpur ( Figure 3A & 3B) clearly indicates that the underground water samples of Shankargarh appear to pose more of a human health risk as compared to Phulpur area. This is due to the fact that owing to unhealthy sanitation conditions microbes found in dung and excreta get mixed with the runoff water in rainy season and find a way to ground water due to open bore wells and well waters or due to drill holes of tube wells and other such places which have direct contact to ground water [20] . This also increases the turbidity and TDS in water and thereby disturbs other water quality parameters depending upon the amount and physico-chemical nature of the contaminants mixed [19, 44] . The increased level of TDS and turbidity in villages of Shankargarh area corresponds to this fact. The lack of a safe water supply in the study area forces villagers to depend on the groundwater as their primary source of drinking and household water.
The statistical results of the relative risk assessment for waterborne diseases are presented in Table 5 . The Relative Risk values (RR) for both the areas were high and Jaundice had maximum RR which means that in both the areas despite of its fewer occurrences as compared to other disease reported the people are on high risk to fell ill by jaundice. A high level of RR corresponds to a high human health threat [38, 40] . Risk values RR > 1 indicate the potential adverse effects and the need to improve groundwater quality. Further, the NNT parameter is more significant for the diarrhoea in both areas (Table 5 ). This indicates that despite of the greater risk for Jaundice in both the sampling areas; new treatment (other than standard) is needed for diarrhea after every 2-5 patients suffering from it. It indicates that while jaundice can be treated with standard methods of the treatment however, diarrhoea needs better and advance treatment frequently. This kind of information is needed in such cases as it has also been used in some other countries in waterborne diseases [45] . Certain measures, such as controlling pollution and lowering TDS and turbidity levels in groundwater must be employed to reduce health risks by fecal coliform. Though, the ingestion was considered as the main exposure route in this study, other possible pathways include inhalation and through ingestion of food washed with contaminated water [40] .
The estimated water quality in trans-Ganga area was relatively safer in terms of physico-chemical water quality parameters than Trans-Yamuna; however RR value was higher (> 1) in both the areas. This indicates that occurrence of diseases reported from these areas is also dependent on the fecal pollution of ground waters. This stimulates need of water quality and health facility improvements in both the areas by clearly emphasizing the kind of treatment are to be needed and which disease needs more attention in which area.
Conclusion
The results clearly suggest that the ground water of the rural trans-Yamuna region of Allahabad district is highly degraded as compared to the trans-Ganga area. Increasing cases of waterborne diseases were reported from both areas higher being in transYamuna area. Jaundice and diarrhea seems the significant health hazards in both the areas with higher health risks are posed in trans-Yamuna area as compared to trans-Ganga. A government intervention to ensure potable quality of water is these rural areas is needed with giving more emphasis to Shankargarh (trans-Yamuna) region. Continuous monitoring with seasonal variability and intensive health studies are recommended in order to determine the other pollutants and disease occurrence to ascertain long-term effects. A thorough understanding of the fecal pollution sources affecting the rural groundwater quality is also necessary to improve and manage water quality degradation in these areas.
